Objectives. To evaluate the impact of the April 2016 7.8-magnitude earthquake in Ecuador on the incidence of Zika virus (ZIKV) cases.
METHODS
We included all confirmed ZIKV cases in areas affected by the earthquake and in control areas that are similar in elevation, average temperature, proximity to the coast, and population size. We also included suspected ZIKV cases to evaluate the geographic relationship between these cases and those confirmed by laboratory.
The epicenter of the 2016 earthquake was 17 miles south-southeast of Muisne, Esmeraldas, in the northeastern part of the country. The Manabí and Esmeraldas provinces had the most earthquake-related damage, with 705 and 420 destroyed buildings, respectively. 7 Before the earthquake, Manabí had 199 health centers and 15 hospitals. After the earthquake, 7 hospitals had major damage and were inoperative.
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Almost all earthquake-related deaths in Ecuador were reported in Manabí; the earthquake affected larger urban centers in Manabí than in Esmeraldas, Guayas, and Los Ríos.
Definitions of EarthquakeAffected Areas
We defined the earthquake-affected area as the province of Manabí, which is 30 miles south of the epicenter. The rationale for using only this province was that the roads to Esmeraldas province and the health care facilities most proximal to the epicenter were completely destroyed, 10, 11 preventing the collection of any confirmatory samples, whereas several facilities in nearby Manabí remained partially operational and accessible by car. Manabí has larger urban areas and more health care facilities and transportation infrastructure than Esmeraldas. To better evaluate the relationship between earthquake-related damage and ZIKV incidence, we also collected data at the county level. Manabí has 22 counties. We collected the number of earthquake related-deaths in each county from the Ministry of Health (MOH) report. 12 
Definition of Control Area
We defined the control area as the provinces of Guayas and Los Ríos. These provinces are adjacent to Manabí and are 265 miles and 120 miles from the epicenter, respectively. In both the affected (Manabí) and the control (Guayas and Los Ríos) provinces, the Aedes mosquito is endemic. 13 These 3 provinces are at sea level and, hence, below 2000 meters in elevation and with similar meteorological conditions. Compared with Manabí, Guayas has similar proximity to the coast and Los Ríos has similar population size.
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Definition of Zika Virus Cases
Ecuador's MOH maintains a national public health surveillance system for reportable transmissible conditions including ZIKV, chikungunya, dengue, salmonellosis, shigellosis, yellow fever, malaria, leptospirosis, Guillain-Barré, meningitis, rubella, and varicella. Information is collected by MOH health centers and fed into the national database. We conducted a pre-post analysis of the registry for 2016, specifically epidemiological weeks 0 to 29 (January 1-July 26). We defined the pre-earthquake period as the days between epidemiological weeks 0 and 16 (January 1-April 16) and the postearthquake period as the days between epidemiological weeks 17 and 29 (April 17-July 26).
The MOH registry contains all clinically suspected ZIKV cases reported at the time they were seen at the MOH health care facility. The MOH recommended reporting suspected ZIKV cases when a participant experienced a maculopapular pruritic rash with 2 or more of the following symptoms: fever, conjunctivitis, arthralgia, myalgia, and periarticular edema. We defined incident confirmed ZIKV cases as those who had a positive RT-PCR result for ZIKV. The testing in Ecuador is done using CFX96 and CFX384 real-time RT-PCR systems (Bio-Rad Laboratories, Invitrogen, Hercules, CA). We used oligonucleotides ZIKV 1087/ZIKV 1163 and ZIKV-FAM probe in a final volume of reaction of 25 microliters, according to the Lanciotti protocol. 18 The test has a sensitivity of 25 genomic copies per reaction. 18 We collected all incident ZIKV cases and pregnancy-related cases. The registry reports pregnancy status at the time of the laboratory testing. It also contains the laboratory results for chikungunya.
Other Variables
We collected demographics from the MOH registry, which included age and gender. We collected the date when the participant first noticed having symptoms and the date on which the blood was drawn for the RT-PCR assay. We report the number of days between these 2 dates. We obtained average populations for the earthquake-affected and control areas from the 2010 Ecuadorian census [14] [15] [16] and the average number of health care facilities in these areas from the MOH geocoding website. 9 
Statistical Analysis
We compared baseline characteristics of the suspected and confirmed ZIKV cases between the affected and control areas using the Pearson c 2 statistic for categorical variables and the t test or Kruskal-Wallis test for continuous measures. We calculated the number of cases by epidemiological week and the cumulative incidence per 10 000 and 100 000 of suspected and confirmed ZIKV cases. We used a similar analytical approach to compare incidence of chikungunya cases in affected and control areas.
To determine whether the number of cases differed by affected area and accounted for confounding, we used logistic regression to calculate the odds ratio (OR) of having ZIKV and the corresponding 95% confidence interval (CI). The dependent variable was having a confirmed incident ZIKV case, and the predictor variables were area (affected vs control), age, gender, average population of the province, and number of health care facilities.
To determine the relationship between the extent of earthquake-related destruction (defined as number of earthquake-related deaths) and incident ZIKV cases, we conducted a linear regression to calculate the standardized parameter estimates by county in the affected area.
Analyses were performed using Stata version 12.0 (StataCorp LP, College Station, TX), and all significance tests were 2-tailed. Table 1 shows the baseline characteristics of the suspected and positive RT-PCR ZIKV patients. The mean age of the suspected ZIKV patients was similar in the affected and control areas (P = .14), but pregnant and nonpregnant women were more likely to be reported to have a suspected (P < .01) case when comparing the affected and control areas. Patients in the affected and control areas with a positive RT-PCR for ZIKV had similar demographics.
RESULTS
From
Number of Cases Before and After the Earthquake
The cumulative incidence of ZIKV cases was 11.1 per 100 000 in the affected area compared with the incidence in the control areas of 1.79 and 0.06 per 100 000 (P < .01). Figure 1 shows the total number of ZIKV cases before and after the earthquake by epidemiological week and area. The affected area had more confirmed ZIKV cases after the earthquake (epidemiological week 16), and the control area had fewer cases after the earthquake (P < .01).
The same trend was seen for pregnant women (P < .01). Before the earthquake, Patients with cases of ZIKV were similar in age, gender, and pregnancy status (P > .05) to those after the earthquake. After the earthquake, patients took longer to seek medical care-50 days after the start of symptoms compared with 3 days before the earthquake (P < .01). The OR of those living in the affected area having ZIKV infection was 8.0 (95% CI = 4.4, 14.6; P < .01) compared with the control area, adjusted for age, gender, province population, and number of government health care facilities. Table 2 shows the number of suspected ZIKV cases by county and the number of deaths related to the earthquake. The county with the highest number of deaths (211) had the highest ZIKV incidence per 10 000 (17.50), the second highest number of suspected ZIKV cases (396), and the third highest death rate per 10 000 (9.33). The standardized parameter estimate for the relationship between number of deaths and suspected ZIKV cases was 1.55 (95% CI = 0.71, 2.38; P < .01). The number of chikungunya cases before and after the earthquake did not differ.
Pregnant Women and Zika Virus
A total of 538 women had suspected ZIKV infection, and 60 had confirmed ZIKV infection. The ages and weeks of gestation of pregnant women with confirmed ZIKV before the earthquake were similar to that of pregnant women with confirmed ZIKV after the earthquake. However, the mean time to seek medical care was longer after the earthquake (mean 6SD = 41 65) than before the earthquake (mean 6SD = 5.4 61.9). The OR of pregnant women in the affected area having ZIKV was 30.0 (95% CI = 3.3, 60.5; P < .01) compared with the control area, adjusted for age, province population, and number of government health care facilities.
Geographic Distribution of Suspected and Confirmed Cases
Shown in Figure A (available as a supplement to the online version of this article at http://www.ajph.org), most suspected and confirmed cases occurred in areas proximal to the 2 major cities in the province: Manta and Portoviejo. These 2 cities had high earthquake-related mortality. Nevertheless, most of the coastal areas affected by the earthquake reported suspected cases only. The earthquake-related mortality in these rural coastal areas was lower than in the cities, with the exception of Pedernales, which was closest to the epicenter.
DISCUSSION
We found that the number and cumulative incidence of cases of suspected and confirmed ZIKV among the general population and among pregnant women increased after the April 16, 2016, earthquake in Ecuador. This increase occurred in Manabí, a province significantly affected by the earthquake, but it did not occur in 2 comparable provinces that were not heavily affected. Nevertheless, the increase in reported cases in earthquake-affected areas was not homogeneous. Most of the suspected and confirmed cases originated in counties that suffered significant earthquake-related loss of life and property and that either included or were geographically closer to a large city.
In addition, we found a relationship between the number of earthquake-related deaths and the number of reported ZIKV cases. The majority of confirmed cases occurred among women, and the time to seek medical care was significantly longer in the areas affected by the earthquake. The strengths of the study are the inclusion of suspected, tested, and confirmed ZIKV cases and the use of 2 control provinces with similar population size, geography, and climate.
The present study has several limitations. First, we used national registry data; therefore, the study is subject to information bias. However, any decrease in reporting of ZIKV cases would be more likely to have occurred in the areas affected by the earthquake where the health care infrastructure was destroyed, not in the 2 control provinces that did not experience any damage to health care facilities. Second, only half of the suspected cases had a confirmatory RT-PCR assay, and this differed by province. Nevertheless, we reported suspected cases to provide information on the magnitude of the epidemic and to explore the relationship between suspected and confirmed cases and earthquake-related damage. Manabí had a significantly lower proportion of samples sent for laboratory testing compared with the control provinces, yet a significantly larger proportion of confirmed cases. Given that the testing rate was significantly lower in the earthquake area, excluding nonconfirmed cases most likely underestimated the difference in ZIKV cases between the affected and control areas. Third, we did not have access to identifiable data and medical records to evaluate the symptoms and clinical presentation of the suspected or confirmed cases. However, all health centers followed MOH guidelines regarding the testing and management of suspected cases. Fourth, the significant delay in seeking care we observed in the affected area may have reduced the sensitivity of the RT-PCR to identifying viral RNA. 19 Fifth, we did not include mild cases because they did not attend health care facilities, and we did not have data on them.
Colombia, a country that neighbors the earthquake-affected province of Esmeraldas, had a peak in the number of symptomatic and confirmed cases during January and February 2016 with a subsequent decline. However, this study reported cases through April 2016, limiting our ability to evaluate whether cases increased or not after that month. Nevertheless, our findings suggest that the significant increase in the number of confirmed cases from April to July 2016 occurred exclusively in the earthquake-affected province of Manabí and not in the nonaffected areas to the south and east, and possibly not the Colombian areas to the north. The positive RT-PCR rate in Colombia was 4% for the total population and 12% for pregnant women, whereas in Ecuador it was 10% for the general population and 13% for pregnant women. 20 We recognize that we cannot prove causality between earthquakes and ZIKV infection, but the increase in ZIKV incidence may be associated with a number of factors previously linked to disease after natural disasters:
1. Displacement of populations and overcrowding may increase the exposure to vectors and to infected individuals. 4. Health-seeking behavior increases after a disaster.
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Natural disasters or weather events are not uncommon. In the United States alone, there have been 23 severe storms across 17 states since January 2016 with associated flooding or mudslides that required a major disaster declaration. 25 In many of these states, we have previously identified Aedes species 26 that may transmit the ZIKV. In Latin America, the Pan-American Health Organization has mobilized resources for 5 major natural disasters since October 2015.
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Our data suggest that the occurrence of a natural disaster in any area below 2000 meters in elevation should prompt the public health system to consider the early deployment of strategies to prevent a ZIKV epidemic. The protection of women of reproductive age should be a priority; we, as well as others, have reported a higher prevalence of ZIKV among women in Latin America. 20, 28 Reasons for this finding among women include 1. increased access or reasons to seek health care, 2. greater exposure to the intradomiciliary mosquito vector, 3. increased risk of sexual transmission 4. enhanced reporting given the pregnancyrelated risks, and 5. more severe symptomatology. 28 The study's results allow us to infer that several of these reasons may play a role because in our sample more women than men presented with symptoms of viral illness, more had their samples sent for RT-PCR testing, and more had confirmed cases.
The pattern of reporting ZIKV to the MOH and the delay in seeking care we found after the earthquake indicates several public health concerns. First, earthquake-affected areas that are far from large urban centers may experience an interruption in the mandatory reporting of communicable diseases, impeding the MOH's ability to identify and react to emerging epidemics.
Second, the significant loss of life and property experienced in communities affected by natural disasters changes patients' priorities, and those with mild symptoms could delay or withhold seeking care. For example, protecting one's remaining belongings could become a priority that replaces the need to attend to a health center. Third, ZIKV viremia could last for a long period of time after the onset of symptoms, expanding the window for transmission and the need for public health strategies to address the epidemiological contacts. Fourth, many pregnant women have gotten infected with ZIKV in Ecuador since the April 2016 earthquake.
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These findings will inform the MOH on the need to actively collect ZIKV data for the areas closest to the earthquake epicenter where data are still lacking, to consider and deploy strategies to prevent the transmission of ZIKV at the population and individual levels, to educate the public on strategies to protect pregnant women and women of reproductive age, and to prepare for the occurrence of ZIKV complications such as microcephaly and Guillain-Barré syndrome.
In conclusion, our study shows that the April 2016 earthquake in Ecuador was associated with both an increase in the number of ZIKV cases and a significant delay in seeking care in the affected areas. All stakeholders should be aware of the potential increased risk of ZIKV complications after a natural disaster. 
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